Introduction
Adequate dietary crude protein (CP) supplementation is necessary to maintain ruminal fermentation and production performance of animals. It was found that increasing dietary protein content enhanced dry matter (DM) intake (Galles et al., 2011; Detmann et al., 2014) , ruminal bacteria growth (Chanthakhoun et al., 2012) , nutrient digestibility, microbial protein synthesis, N utilization (Chanthakhoun et al., 2012) and growth performance (Detmann et al., 2014) . However, the excretion of faecal N and urinary N also increased with increasing dietary CP level (Lohakare et al., 2006; Galles et al., 2011) , leading to an increased environmental pollution. Therefore, it is necessary to improve N utilization for high protein diets.
Pantothenic acid (PA) is involved in the energy release from carbohydrate, fatty acids and protein as well as in the biosynthesis of fatty acids by incorporating into coenzyme A (CoA) and acyl carrier protein (ACP) (Ball, 2006) . It has been reported that PA was required for the growth of some strains of Lactobacillus, Streptococcus and Megasphaera elsdenii (Ford et al., 1958; Wolin et al., 1997) and positively affected protozoa counts in vitro (Völker et al., 2011) . The amount of ruminally synthesized PA has been estimated to be 20 to 30 times higher than normal dietary amounts experienced by cattle (National Academies of Sciences, Engineering, and Medicine, 2016) . Nevertheless, the requirement of PA has not been established for beef cattle with well-developed rumen. Moreover, degradability of dietary supplemented PA was 0.8 (Zinn et al., 1987) , thus, rumen-protected pantothenate (RPP) supplement should be used in farming practice. Our previous studies indicated that ruminal total volatile fatty acids (VFA) concentration, degradability of neutral detergent fibre (NDF) and CP, bacteria abundance, microbial enzyme activity and microbial protein synthesis increased with RPP supplementation in Blonde d'Aquitaine × Simmental beef steers with 363 kg of body weight or with 462 kg of body weight . Wang et al. (2018) found that digestibility of DM, organic matter (OM) and CP increased, and NDF and acid detergent fibre (ADF) tended to increase with RPP supplementation in dairy cows. Moreover, milk and milk component yields increased with RPP supplementation (Bonomi, 2000; Wang et al., 2018) .
These data indicated that the supplementation of RPP enhanced dietary N utilization, as evidenced by the increased microbial protein synthesis and milk protein yield (Bonomi, 2000; Liu et al., 2017) . Additionally, PA or pantothenate participate in protein metabolism of the body via CoA and ACP (Ball, 2006) . Thus, it was hypothesized that there might be an interaction between dietary CP level and RPP supplementation, and the supplementation of RPP might enhance N utilization of high protein diets. So, the aim of the current study was to evaluate the effects of RPP supplementation and dietary protein level on nutrient digestibility, nitrogen balance, blood metabolites and growth performance in Blonde d'Aquitaine × Simmental calves, and to find out whether the CP × RPP interaction exists.
Material and methods

Animals and experimental design
The experimental protocol was approved by the Animal Care and Use Committee of Shanxi Agriculture University (Taigu County, Shanxi Province, China). Sixty, 12-month-old Blonde d'Aquitaine × Simmental bull calves with similar body weight (BW; 354 ± 2.4 kg) were purchased from three beef cattle farms using the same feeding and management practices. The animals were selected from the progeny of multiparous Simmental cows (n = 300 per farm) that were synchronized and artificially inseminated by the same Blonde d'Aquitaine sire, and randomly assigned to four experimental groups (n = 15) in a 2 × 2 factorial design. The factors were: the dietary CP level either with low (LP) or high (HP) CP (113.7 g CP/kg and 133.9 g CP/kg DM, respectively), and the level of RPP either with 0 mg/kg DM (control) or 72 mg/kg DM (RPP+). The experimental diets were formulated to meet the nutritional requirements for crossbred cattle (daily gain of 1.00 and 1.50 kg/d for LP and HP groups, respectively) (da Silva et al., 2016) .
Supplementary RPP contained 150 g/kg of D-calcium pantothenate and was manually mixed with the first third of the morning ration to ensure its complete consumption. The supplement was produced according to the method of Wang et al. (2016) and manufactured by Shanxi Jushuoyuan Biological Technology Co., Ltd (Taiyuan, China). Degradability of RPP in the rumen and in the small intestine was 20 and 60%, respectively, as determined in situ using rumen and duodenal cannulated cattle . The supplemental dose of pantothenate in the form of RPP was determined according to previous studies Liu et al., 2017) . Calves were fed a total mixed ration (TMR), ensiled maize forage to concentrate ratio was 50:50 (DM basis, Table 1 ).
The experiment lasted 100 days with 10-day adaptation-period and a 90-day test-period. Calves were housed in individual pens (3 × 3.5 m). After the feeding experiment, 4 calves per treatment were randomly selected and housed in metabolism stalls (1 × 2 m, slatted floors and rubber mats) in a ventilated room, and harnessed with a faecal collection bag and a urine funnel for total collection of faeces and urine from days 111 to 120. All calves from days 1 to 120 were fed twice a day at 07:00 and 19:00, clean water was available throughout the experimental period.
Performance measurements and samples collection
The amounts of feed and refusals were individually recorded once a day at days 11-100 (days 1-90 of test-period) and 111-120. Calves were weighed for two consecutive days on day 1 and 2, 30 and 31, 60 and 61, and 90 and 91 of the test-period at the same time relative to feeding. Samples of TMR and refusals were collected once a day and then composited by calf every 10 days for DM determination. Diets and refusals were dried in an oven at 55 °C for 48 h, then ground to pass a 1-mm sieve with a cutter mill (110, Qingdao Ruixintai instrument Co., Ltd., Qingdao, China) for further chemical analysis. Faecal excretion was recorded from day 111 to 120 and samples (1/15 of wet weight) were collected, then 100 g/l tartaric acid solution (1/4 of samples) was mixed into the samples. After drying at 55 °C for 48 h, the faecal samples were ground to pass through a 1-mm screen and pooled by calf for chemical analysis. Urine samples (1/100 of volume) were collected to a container containing 10 ml dimethylbenzenes and stored at 4 °C. Blood samples were obtained on 2 consecutive days at the end of the feeding period. Samples were collected 2 h after the morning feeding from the jugular vein and then placed on ice and transported to the laboratory to separate serum by centrifuging at 3000 g for 10 min at 4 °C. All serum samples were stored at −20 °C until analysis.
Chemical analyses
The DM content of samples was determined by desiccating at 135 °C for 3 h (method 930.15; AOAC International, 1995). Ash content was measured by combustion at 550 °C for 5 h, and OM content was calculated as the difference between DM and ash contents. Content of N was measured by the Kjeldahl method (method 976.05; AOAC International, 1995). Contents of NDF and ADF were measured according to the procedure of Van Soest et al. (1991) with heat stable α-amylase and sodium sulphite used in the NDF procedure, and expressed inclusive of residual ash. Concentrations of pantothenate in the RPP and feed residues were measured by high performance liquid chromatography (Agilent 1260 Infinity HPLC, Agilent Technologies, Santa Clara, CA, USA) according to the method of Romera et al. (1996) . Serum concentrations of glucose, total protein, albumin, serum urea nitrogen (SUN) and triglyceride were determined using the corresponding colorimetric assay kits (Nanjing Jian Cheng Institute of Bio-engineering, Nanjing, China). Concentrations of PA, 3-hydroxy-3-methylglutaryl-CoA synthetase (HMGCS), ACP and acetyl-CoA as well as activities of pantothenate kinase (PANK) and succinyl-CoA were determined with the Konelab TM auto analyzer (Thermo Fisher Scientific Oy, Vantaa, Finland) by using the corresponding enzyme-linked immunosorbent assay (ELISA) kits (Shanghai Du Ma Biology Science & Technology Co., Ltd, Shanghai, China).
Calculations and statistical analyses
Feed conversion ratio (FCR) for each calf was calculated by dividing DMI by ADG during the experiment. Digestible nitrogen (DN, g/d) was estimated by the difference between N intake and faecal N excretion. Retained N (RN, g/d) was calculated as the difference between DN and urinary N excretion. Data were analysed using the general linear model procedure of SAS Software version 9 (Procedure GLM; SAS Institute Inc., Cary, NC, USA).
Dietary CP level and RPP supplementation were considered as fixed effects. The P-values presented in tables are for the main effect of supplied CP (LP vs HP), the main effect of RPP (control vs RPP+) and their interaction (CP × RPP). Effects of the factors were declared significant at P < 0.05. 
Results
Dry matter intake, average daily gain and feed conversion ratio
No CP × RPP interaction effects on DM intake (DMI), ADG and FCR during test-period at days 1-30, 31-60, 61-90, and overall were observed (Table 2 ). For each period of target feeding (days 1 to 30, 31 to 60 and 61 to 90), DMI and ADG increased (P < 0.05), and FCR decreased (P < 0.05) with increasing dietary CP level or RPP supplementation. As a result, overall DMI and ADG increased (P < 0.05), and FCR decreased (P < 0.05) with increasing dietary CP level or RPP supplementation. The initial weight (day 1 of the test-period) of animals was similar among treatments. The BW of animals for days 30, 60 and 90 of feeding period was not affected by dietary CP level, but increased (P < 0.05) with RPP supplementation.
Nutrient digestibility and nitrogen balance
Nutrient digestibility and nitrogen balance were not affected by CP×RPP interaction (Tables 3 and 4) . Digestibility of DM, OM, CP, NDF and ADF increased (P < 0.05) with increasing dietary CP level or RPP supplementation. Nitrogen intake and urinary N excretion increased (P < 0.05) with increasing dietary CP level, but were not affected by RPP supplementation. Faecal N and total N excretions were not affected, but DN, RN, RN:N intake ratio and RN:DN ratio increased (P < 0.05) with increasing dietary CP level or RPP supplementation.
Blood metabolites
Blood metabolites were not affected by CP × RPP interaction (Table 5 ). Blood glucose and triglyceride contents were not affected, but total protein and albumin levels increased (P < 0.05) with increasing dietary CP level or RPP supplementation. Content of SUN increased (P = 0.042) with increasing dietary CP level, but decreased (P = 0.037) with RPP supplementation. Concentrations of PA, HMGCS, ACP and acetyl-CoA as well as activities of PANK and succinyl-CoA were not affected by dietary CP level, but increased (P < 0.05) with RPP supplementation. 
Discussion
The interaction between dietary CP level and RPP supplementation was not observed in the current study for any tested parameter. The dose of PA supplemented was about 10.8 mg/kg DM or 110 mg/d (72 mg RPP per kg DM, 150 g PA per kg RPP, DMI 10.14-10.56 kg) in the current study, whereas in the study of Bonomi (2000) the dose of PA supplemented as RPP during the first 5 months of lactation was 50, 100 and 200 mg/d. Different doses of PA were also used by Sacadura et al. (2008) , 
Dry matter intake, average daily gain and feed conversion ratio
The increase in DMI supported the increased ADG with increasing dietary CP level or RPP supplementation. In other studies a positive effect of increasing dietary CP level on DMI was also found (Chen et al., 2010; Detmann et al., 2014) . However, da Silva et al. (2016) observed that nutrient intake was not affected by increasing dietary CP level from 110 to 130 g/kg DM. A mixture of soybean meal and urea was used as N source in the study of da Silva et al. (2016) , thus, the divergent results may be associated with the different dietary protein composition. Similarly, Wang et al. (2018) found that DMI tended to increase in dairy cows with RPP supplementation. The increased ADG was associated with the increased DM intake, nutrient digestibility and N utilization, indicating that the growth performance and nutrient utilization improved with increasing dietary CP level or RPP supplementation. Similarly, Detmann et al. (2014) reported that a positive weight gain response to an increased dietary CP level was observed when dietary N was deficient in cattle. However, da Silva et al. (2016) reported that ADG of finishing beef cattle (Nellore bulls, initial BW of 374 ± 16.5 kg) was unaltered with increasing dietary CP content from 110 to 130 g per kg DM and suggested that 110 g CP was sufficient for the growth of Nellore bulls. Therefore, the different dietary N levels might have been responsible for such divergent effects of dietary CP level on ADG of different crossbred cattle. In our previous study it was found that ADG of growing Blonde d'Aquitaine × Simmental steers increased with RPP supplementation . Other studies also reported that milk and milk component yields increased with RPP supplementation at the doses of 50, 100 and 200 mg/d during the first 5 months of lactation (Bonomi, 2000) and at the dose of 90, 120 and 150 mg/d during the midlactation (Wang et al., 2018) , or a rumen-protected B vitamin blend (including 193 mg/d of PA) during the mid-lactation (Sacadura et al., 2008) . However, Majee et al. (2003) found that milk yield was not affected by an unprotected B vitamin blend (including 475 or 950 mg/d of PA) in early lactation cows. According to Zinn et al. (1987) , degradability of dietary supplemented PA was 0.8. The positive effects of RPP supplementation on production performance could have been associated with a lower ruminal degradability of RPP compared to PA (Bonomi, 2000; Ragaller et al., 2011) . Thus, different responses of productive performance to PA supplementation might be associated with stage of lactation, and the dose and mode (rumen-protected vs unprotected) of PA administration.
Nutrient digestibility and nitrogen balance
The observed increase in the digestibility of DM, OM, CP, NDF and ADF may have resulted from stimulated ruminal microbial growth and enzyme activity with increasing dietary CP level or RPP supplementation. Increased concentrations of amino acids, peptides, ammonia N and branchedchain VFA in the rumen with increasing dietary CP level have been observed to stimulate ruminal bacteria growth and to promote microbial enzyme secretion (Atasoglu et al., 2001; Liu et al., 2014) . Also, Lohakare et al. (2006) reported that nutrient digestibility increased with increasing dietary CP level. However, da Silva et al. (2016) found no effect of dietary CP level on nutrient digestibility, which may have resulted from another dietary protein composition (mixture of soybean meal and urea) in that study. It has been reported that PA was required for the growth of some strains of Lactobacillus, Streptococcus and Megasphaera elsdenii (Ford et al., 1958; Wolin et al., 1997) and positively affected protozoa counts in vitro (Völker et al., 2011) . The supplementation of PA improved intestinal function of rats (Seronde, 1963) . Moreover, previous studies found that ruminal bacteria abundance, enzyme activity and degradability of NDF and CP increased with RPP supplementation in steers Liu et al., 2017) . Wang et al. (2018) observed that digestibility of DM, OM and CP increased, and NDF and ADF tended to increase with RPP supplementation in dairy cows. However, other studies reported that ruminal apparent digestibility of OM, NDF and ADF were unaltered by PA or mixture of B vitamins containing PA supplementation (Majee et al., 2003; Ragaller et al., 2011) .
The increase in DN, RN and RN:DN ratio indicated that the utilization of dietary N was enhanced, and supported the increased ADG with increasing dietary CP level or RPP supplementation. The higher utilization of dietary N mainly resulted from an enhanced CP digestibility and microbial protein synthesis with increasing dietary CP level or RPP supplementation. The increased CP digestibility, microbial protein synthesis and N retention with increasing dietary CP level were observed in other studies (Galles et al., 2011; Chanthakhoun et al., 2012 ). In the current study, N intake increased by 22.6% with increasing dietary CP level, while total N excreted was only elevated by 12.4%, so that the retained N increased by 39.7%. It is suggested that the more efficient utilization of dietary N with increasing dietary CP level was not only related to the increased N intake but also to a higher CP digestibility and microbial protein synthesis. Similarly, in previous studies an increased microbial protein synthesis with RPP supplementation in steers was observed Liu et al., 2017) . Also, in other studies the increased milk protein yield with RPP supplementation (Bonomi, 2000; Wang et al., 2018) confirmed that the utilization of dietary N was improved by RPP supplementation.
Blood metabolites
The unaltered serum glucose content indicated that the gluconeogenesis might have been unaffected with increasing dietary CP level or RPP supplementation. Lohakare et al. (2006) also found an unaltered serum glucose content with increasing dietary CP level. Ragaller et al. (2011) reported that serum glucose content was unaltered with PA supplementation to the diet with 34:66 concentrate:forage ratio but it decreased when dietary concentrate and forage were fed at ratio 66:34. However, in other studies a higher blood glucose concentration in dairy cows with PA or RPP supplementation was observed (Bonomi, 2000; Wang et al., 2018) . The deviating results might have been related to different dietary concentrate:forage ratios and animals used in these studies. The higher serum urea nitrogen (SUN) concentration might be associated with an increased ruminal CP degradability with increasing dietary CP level, as observed in the study of Liu et al. (2017) . Blood total protein and albumin contents can be regarded as parameters for intermediary protein availability, as albumin plays an important role in amino acids transport (Lohakare et al., 2006; Oh et al., 2008) . The higher serum concentrations of total protein and albumin with increasing dietary CP level or RPP supplementation may have resulted from an increased intermediary N availability. Oh et al. (2008) also reported that blood concentrations of albumin and SUN increased with increasing dietary CP level. The decrease in SUN concentration observed with RPP supplementation indicates that N utilization was raised. Wang et al. (2018) also found that serum total protein concentration increased and SUN decreased with RPP supplementation in dairy cows.
The ketogenesis is a secondary metabolic pathway to provide energy for ruminants, however a subclinical metabolic disorder may occur when the production of ketone bodies is above certain levels (Melendez et al., 2016) . The HMGCS is a ratelimiting enzyme for ketogenesis in ruminants (Connor et al., 2010; Liu et al., 2016) . The increase in serum HMGCS concentration indicated that ketone bodies synthesis might be promoted with increasing RPP supplementation. However, Wang et al. (2018) found that serum concentration of HMGCS tended to increase and β-hydroxybutyrate (BHBA) was unaltered with RPP supplementation in dairy cows. Similarly, Ragaller et al. (2011) found that serum BHBA were not affected with PA supplementation in dairy cows. The increase in serum PA concentration was consistent with the findings of other studies (Bonomi, 2000; Wang et al., 2018) , and indicated that the absorption of PA increased with RPP supplementation. However, Ragaller et al. (2011) reported that blood content of PA was unaltered with PA supplementation. The deviating results might have been due to the mode of PA supplementation (rumen-protected or unprotected). The PANK is a rate-limiting enzyme in catalysing the synthesis of CoA and ACP by PA (Jackowski and Rock, 1981) . Pantothenic acid affects energy release from carbohydrate, fatty acids and protein as well as fatty acids biosynthesis due to the fact that it is involved in incorporating to CoA and ACP (Ball, 2006) . Therefore, the increase in serum PANK activity may have led to increased activity of succinyl-CoA and concentrations of acetyl-CoA and ACP. Increased ADG and decreased FCR after addition of RPP may indicate that energy metabolism is promoted by such supplementation.
Conclusions
The increasing dietary crude protein (CP) level or rumen-protected pantothenate (RPP) supplementation improved the growth performance and nutrient utilization in calves; however no CP × RPP interaction was observed during the experiment.
